Minimally invasive oesophagectomy is a relatively new procedure that is performed by means of thoracoscopy and laparoscopy. One stage of the procedure involves creation of a peritoneo-pleural communication in the presence of a pneumoperitoneum. In the case presented, severe hypotension occurred at this point. We believe this was caused by the escape of carbon dioxide from the peritoneal cavity into the right hemithorax, resulting in tension pneumothorax and cardiac tamponade. We believe this to be a predictable complication of this procedure but one that if expected, recognised and correctly managed, should not result in adverse outcomes.
Laparoscopic surgical techniques can offer benefits to the patient in terms of reduction in postoperative pain and disfigurement, but the intraoperative physiological trespass may equal or exceed that of open procedures. Recently, a number of techniques for performing minimally invasive oesophagectomy have been described [1] [2] [3] [4] [5] . A retrospective comparison found shorter operative times, a reduced requirement for postoperative intensive care, reduced hospital length of stay, and lower blood loss for the thoracoscopic/laparoscopic technique when compared with open procedures 6 . We present a case illustrating a physiological derangement that occurred during combined thoracoscopic and laparoscopic oesophagectomy.
SURGICAL TECHNIQUE FOR THORACOSCOPIC/LAPAROSCOPIC OESOPHAGECTOMY
Thoracoscopic/laparoscopic oesophagectomy occurs in three stages. Stage I is a right thoracoscopy with the patient positioned in the left lateral position. The dissection includes dividing the mediastinal pleura and mobilizing the oesophagus from the diaphragm to the thoracic inlet. A 28 Fr chest tube is inserted through a camera port and attached to an underwater seal drain. The other ports are closed and the patient is turned supine for stage II. Laparoscopic dissection of the stomach is performed, a gastric tube or "conduit" is fashioned and attached to the oesophago-gastric specimen with temporary sutures so that it can be pulled up into the chest later. To complete stage II, the right and left crural areas are dissected to open a plane into the thoracic cavity. This creates a potential pathway for peritoneal laparoscopic insufflation gas to reach the pleural space. In stage III, an incision is made in the neck, and the oesophagus is divided and used to pull the gastric conduit cephalad into the mediastinum, guided laparoscopically from below. The diseased oesophagus is removed and an anastomosis is performed between the proximal oesophagus and the conduit 5 .
CASE REPORT
A 71-year-old female patient with oesophageal cancer (T2, N0, M0 classification) was admitted for thoracoscopic/laparoscopic oesophagectomy. The patient was not taking regular medication and had no known allergies. Her past medical history included hypercholesterolaemia and a symptomatic hiatus hernia. Surgical history included hysterectomy for fibroids and right mastectomy for carcinoma of the breast over 20 years previously. The patient had no history of cardiorespiratory disease. She was able to tolerate solids, weighed 70 kg and had a normal serum albumin.
After premedication with midazolam 2 mg, anesthesia was induced with fentanyl 250 µg and thiopentone 250 mg. Rapacuronium 100 mg was given for muscle relaxation prior to intubation. A 37 Fr left-sided double-lumen tube was placed with left endobronchial positioning confirmed by fibreoptic bronchoscopy. Intra-arterial and right internal jugular central venous catheters were placed. Singlelung ventilation to the left lung was initiated before the surgical incision. Neuromuscular blockade was maintained with 10 mg vecuronium. Thoracoscopic mobilization of the oesophagus was uneventful and took 80 minutes.
After completion of the thoracoscopic stage, the patient was placed supine and the double-lumen tube was replaced with a 7.5 mm internal diameter singlelumen endotracheal tube. Laparoscopy commenced with a carbiperitoneum established to a pressure of 15 mmHg. End-tidal carbon dioxide (EtCO 2 ) values, previously ranging from 34 to 38 mmHg, increased to 45 mmHg after institution of the carbiperitoneum. Minute ventilation was increased to offset this change, and this adjustment was associated with a rise in peak airway pressures to 35 to 40 mmHg. Until dissection into the oesophageal hiatus was commenced, the patient had been haemodynamically stable with mean arterial pressures ranging from 80 to 100 mmHg. Once a plane was opened through the oesophageal hiatus, and within about 15 seconds of removal of surgical instruments from the aperture, sudden severe hypotension occurred, with the arterial pressure falling to 50/20 mmHg (systolic/diastolic). This hypotension persisted despite an intravenous fluid bolus (500 ml saline) and ephedrine 30 mg given via the central venous catheter. The central venous pressure was unchanged (8 mmHg) and the heart rate increased from 80 to 110 beats/minute. The already elevated EtCO 2 and peak airway pressures were not noted to have risen further. The surgeon was notified and the carbiperitoneum immediately evacuated, resulting in the prompt restoration of a stable haemodynamic state. The surgery was completed without further peritoneal insufflation and no further hypotension occurred. Retrospective review of the 31 cases of minimally invasive oesophagectomy performed to date at this institution identified two other cases in which severe hypotension necessitating evacuation of the pneumoperitoneum occurred at this stage of the procedure.
DISCUSSION
Sudden cardiovascular collapse during laparoscopic surgery may occur for a variety of reasons including dysrhythmia, vasovagal reactions, blood loss, cardiac tamponade, carbon dioxide gas embolism, pneumothorax and pneumomediastinum. The timing of the event in our patient coincided with the opening of a communication from the peritoneum into the posterior mediastinum. This made us suspect the cause to be the escape of carbon dioxide under pressure from the peritoneum into the mediastinum and thence into the right hemithorax with which the mediastinum had been rendered contiguous during stage I. Since the intraperitoneal pressure is held constant at 15 mmHg by continued insufflation, there is continued flow of carbon dioxide through the communication resulting in elevation of intrathoracic pressure, impairment of venous return and cardiac tamponade. The rapid resolution following evacuation of the pneumoperitoneum supports the proposed mechanism. Theoretically the presence of a thoracostomy tube should have decompressed the right thorax but a size 28 French gauge tube, even if ideally positioned and patent, may not have been able to cope with the volume of carbon dioxide entering the space. Insufflation of CO 2 into the pleural space has been reported to cause hypotension, hypoxaemia, and elevation of airway pressures and EtCO 2 7 . We believe the other possible causes for the circulatory compromise are less likely. Carbon dioxide gas embolism is possible in this context. However it more commonly occurs at an earlier stage (during the creation of the pneumoperitoneum) or if blood vessels are opened, would be expected to cause changes in end tidal CO 2 (which were not seen) and would be unlikely to resolve as rapidly. Stimulation of the vagus nerve in the oesophageal hiatus could cause hypotension, but our patient was not bradycardic and the surgical instruments had been removed from the hiatus when the event occurred. Further evidence, obtained by chest auscultation and continuous recording of airway pressures, central venous pressures and insufflating volumes, would help clarify the mechanism but could not be obtained in our case due to the rapid sequence of events. We believe that the clear temporal relationship between the opening of a peritoneo-pleural communication and sudden hypotension, in the context of similar events previously reported during laparoscopic surgery, makes our postulated mechanism the most likely.
There have been a number of reports of cardiovascular collapse in patients having laparoscopic Nissen fundoplication [8] [9] [10] [11] , a procedure which, like minimally invasive oesophagectomy, involves laparoscopic instrumentation of the oesophageal hiatus. Likewise pneumothorax has been reported to complicate some cases of laparoscopic cholecystectomy, presumably because of either congenital or surgically induced peritoneo-pleural communications [12] [13] [14] . In contrast to these cases, which involved inadvertent or unrecognised peritoneo-pleural communications, the new procedure of thoracoscopic/ laparoscopic oesophagectomy involves the deliberate creation of such a communication. Therefore we expect that this complication will occur quite commonly and may, to some degree, be inevitable.
Thoracoscopic/laparoscopic oesophagectomy offers considerable recovery benefits to the patient due to its relatively non-invasive nature. The procedure does present significant challenges for the anaesthetist. The patients are usually elderly and often debilitated or malnourished. Surgery is prolonged and fluid losses may be high. Prolonged single lung ventilation is required in stage I of the operation, followed by prolonged pneumoperitoneum in stage II, with consequent respiratory impairment and acid-base changes.
Recognition of the association between creating a communication between the peritoneum and the pleura in the presence of pneumoperitoneum and marked haemodynamic impairment has led to a change in our practice such that: (i) the opening of the plane into the thorax is left until the last possible moment in stage II; (ii) the position and patency of the thoracostomy tube is verified prior to hiatal dissection and (iii) initial treatment of severe hypotension consists of immediate evacuation of the pneumoperitoneum.
This case report illustrates a critical adverse event that occurred in the context of a new surgical procedure and highlights the need for vigilance and caseby-case analysis of anaesthetic management when new surgical procedures are introduced into clinical practice. The deliberate creation of a peritoneopleural communication in the presence of pneumo-peritoneum can result in severe haemodynamic compromise. Early recognition of the complication and rapid evacuation of the pneumoperitoneum are emphasized.
